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▼DiI (1,1-dioctadecyl-3,3,3′,3′,-tetramethyl-indocarbocya-
nine perchlorate), a fluorescent lipophilic vital dye, has
become a powerful agent for labeling migratory cells, in-
cluding those of the neural crest (Ref. 1). When injected
into the amniotic cavity of post-implantation mouse em-
bryos, DiI intercalates into the cytoplasmic membrane of
the neuroepithelial cells and other cells it contacts, thereby
labeling them and their progeny. Because DiI is soluble in
alcohol, however, labeled tissue cannot be embedded in
paraffin wax for sectional analysis. Consequently, imag-
ing has relied on cryostat sections in conjunction with
confocal microscopy (Ref. 2). This approach has disadvan-
tages which include the insufficient preservation of tissue
morphology afforded by cryostat sections, as well as the
need for an expert microscopist and expensive equipment
(Ref. 3).
Wax sections offer superior tissue morphology compared
with frozen sections and require only conventional section-
ing equipment and standard epifluorescence microscopy.
This prompted us to investigate polyethylene glycol (PEG;
Ref. 4), a water-soluble wax, as an embedding medium.
PEG obviates the need for alcohol and preserves mor-
phological detail in a manner comparable with paraffin
(Ref. 4). Its solubility in water and its relatively low melting
point (44−48◦C) result in only minimal (<5%) shrinkage of
highly hydrated embryonic tissues compared with paraffin
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wax (Ref. 5). PEG is compatible with aqueous histofluores-
cence (Ref. 6), although the behavior of lipophilic dyes,
such as DiI, in PEG has not been previously reported.
We report here a detailed protocol for a practical and, to
our knowledge, unique method for preparing DiI-labeled
cells in wax tissue sections.
Protocol
The protocol for embedding tissues in PEG is modified from
Martins-Green (Ref. 7).
1. Fix stained embryos in 4% paraformaldehyde in phos-
phate buffered saline (PBS) and wash in PBS.
2. Dehydrate successively with PEG 400 (Sigma; #P-3265)
diluted with dH2O to 30, 50, 70 and 90%. Each con-
centration should be used for 1 h at room temperature
with gentle shaking.
3. Infiltrate twice for 45 min each at 50◦C with melted
PEG 1000 (Sigma; #P-3515). Repeat with PEG 1450
(Sigma; #P-5402) at 50◦C.
4. Embed in PEG 1450 by placing a small mould on a
hot plate and filling it with melted wax. Transfer em-
bryos to the mould, orient them with a fine needle,
then immediately transfer the mould to a surface at
room temperature. The embryo can bemanipulated for
approximately 30 s before the wax begins to polymer-
ize. Fix a block holder to the mould with melted wax.
Protect the embedded material from light and store at
room temperature.
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5. Warm the block at 37◦C in dry heat for 15 min before
sectioning to facilitate ribbon formation. The standard
procedure of refrigerating wax embedment blocks to
facilitate sectioning and ribbon formation, although
useful for paraffin, does not work well for PEG which
is avidly hygroscopic. In fact, when PEG blocks are re-
frigerated or even held at room temperature just prior
to sectioning, the result is curled and sticky sections
which do not form ribbons easily. We noted that sim-
ply warming these blocks briefly at 37◦C in dry heat
just before sectioning consistently produces non-sticky
ribbons of smooth and well formed sections.
6. Section on a standard microtome at 8 µm thickness
using a Ralph glass knife (Ref. 8) and place ribbons on
dry wax paper strips. Divide the ribbons into doublets.
The conventional paraffin method for stretching and
flattening tissue sections by placing the wax ribbon
on water before transfer to glass slides dissolves the
supporting PEG causing tissue dispersion and disrup-
tion. This problem is solved by transferring doublets
with metal tweezer tips and placing them on liquid
Haupt gelatin fixative (HGF, Ref. 9). The high viscosity
of HGF allows the wax to dissolve gradually rather than
abruptly, thus permitting tissue sections to stretch and
flatten on the liquid, but also to remain intact while
adhering to the slide. Haupt gelatin fixative consists of
1.0 g bovine gelatin dissolved in 100 ml dH2O at 30◦C
and 2.0 g phenol (carbolic acid) crystals and 15.0 ml
glycerol.
7. PEG-embedded tissue sections do not adhere well even
to poly-L-lysine- or silane-coated slides, especially dur-
ing dewaxing or staining when the majority of sec-
tions either curl or come completely loose. We ob-
tain excellent tissue adherence by fixing the sections
on HGF which is mounted on glass slides subbed
with a bovine−fish gelatin mixture (Ref. 10). Dissolve
0.5 g of bacteriological grade bovine gelatin in 80 ml
of warmed dH2O and then add 0.5 ml of Hipure liq-
uid gelatin (Norland Products). After mixing the two
gelatins and cooling the solution, 0.1 g of chrome
alum [CrK(SO4)2.12H2O] dissolved in 20 ml of dH2O
is added to the mixture. Coat slides and dry at room
temperature.
8. Mounting sections on slides is a two-step procedure.
With a small pipet lay down two or three rows of liquid
HGF lengthwise on the slide, approximately the same
width as the wax section.
9. To transfer sections to the slide use a dry #5 metal
tweezer in its open state. Touch both tips of the tweezer
to the lower part of onewax section of a doublet and lift
the doublet off the wax paper. Lay the doublet flat onto
a row of liquid HGF. Upon contacting the HGF, the wax
doublet will immediately release from the tweezer and
the wax will begin to dissolve without disrupting the
tissue. Mount doublets side by side in sequence. Dry
the slides in a dark container at room temperature.
10. Remove PEG embedding medium by immersing slides
in dH2O at room temperature for a few minutes. Al-
low slides to drain. Mount coverslips with Gel/Mount
(Biomeda), air dry, and examine the slides using a stan-
dard epifluorescence microscope with a rhodamine fil-
ter.
The application of this protocol to the visualization of
DiI-labeled murine cranial neural crest cells is shown (Fig.
1).
DiI (Molecular Probes) was injected in utero into the am-
niotic cavity of 8.5-day-old mouse embryos to label prem-
igratory neural crest cells before their delamination from
the neuroepithelium. The embryos were left for 24 h to al-
low neural crest cell migration and then were embedded in
PEG, sectioned at 8 µm and viewed under a standard epi-
fluorescence microscope with a rhodamine filter. Sections
were photographed using Fujichrome 1600 film and the
images processed using Adobe Photoshop (Adobe Systems).
Under brightfield illumination, tissue morphology and
structural detail were strikingly well preserved. There was
no noticeable shrinkage. Under epifluorescence, DiI-labeled
cells, including migratory neural crest, epithelial cells of
placodal origin and neuroepithelium, were sharply defined
by intense yellow fluorescence of their cytoplasmic mem-
brane and lack of nuclear stain contrasted against a tissue
background colored dark red.
The location of labeled cells within the mesenchyme
and their relationship to surrounding anatomical structures
was unambiguous. DiI-labeled cells embedded in PEG and
stored in the dark seemed to maintain their initial bright
signal intensity indefinitely.
Our evaluation of PEG as an embedding medium for
imaging tissue sections of DiI-labeled cells was limited to
dye injections into the amniotic cavity of mouse embryos.
We believe, however, that use of PEG as an embedding
medium would facilitate the imaging of DiI-labeled cells in
a variety of tissues and embryos.
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FIGURE 1. Transverse sections (8µm thick) of 9.5-day mouse embryohindbrain embedded in polyethyleneglycol (PEG) wax. DiI was injectedin utero into
the amniotic cavity 24 h before isolating the embryo. (a) DiI-labeled neural crest cells in the migratory pathway, located in dorsal portion of hindbrain.
Labeled cells are identified by intense yellow fluorescence of cytoplasmic membranes and the lack of nuclear staining. Note the exceptional resolution of
single labeled cells contrasted against the mesenchymal tissue which is colored dark red. A few labeled cells are traceable to their site of delamination
from the neuroepithelium. a, amniotic cavity; n, neural canal. Photographed at ×250 magnification with oil immersion. Scale bar = 11 µm.
(b) Low power magnification (×50) demonstrates labeling of epithelial cells in the otic vesicle (left arrow), consistent with their origin in the otic pit. The
apical portion of some of the cells lining the neural canal (right arrow) is also labeled. The yellow color indicates the strongest DiI signal. Scale bar =
70 µm.
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Products Used
PEG 400: PEG 400 from Sigma
PEG 1000: PEG 1000 from Sigma
PEG 1450: PEG 1450 from Sigma
HiPure Liquid Gelatin: HiPure Liquid Gelatin
from Norland Products
HiPure Liquid Gelatin: HiPure Liquid Gelatin
from Norland Products
Gel/Mount: Gel/Mount from Biomeda
DiI: DiI from Molecular Probes
Adobe Photoshop: Adobe Photoshop from Adobe
Systems
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